a-Calcium/calmodulin-dependent protein kinase II T286A Excitability Afterhyperpolarization (AHP) Hippocampus CA1 Schaffer collateral a b s t r a c t It has been well documented that a-calcium/calmodulin-dependent protein kinase II (aCaMKII) is central to synaptic plasticity such as long-term potentiation, an activity-dependent strengthening of synapses that is thought to underlie certain types of learning and memory. However, the mechanisms by which aCaMKII may regulate neuronal excitability remain unclear. Here, we report that aCaMKII knock-in mice with a targeted T286A point mutation that prevents its autophosphorylation (aCaMKII T286A ) showed increased excitability of CA1 pyramidal neurons compared with wild-type controls, as measured by a decrease in the slow component of post-burst afterhyperpolarization (sAHP) following high-frequency stimulation of Schaffer collateral afferent fibers. In contrast, AHP was indistinguishable between aCaM-KII T286A and wild-type mice when it was evoked by somatic current injections, indicating that the hyperexcitability is observed specifically in response to synaptic stimulation in this mutant. Taken together, our results suggest that aCaMKII functions to downregulate CA1 neuron excitability following synaptic stimulation, presumably supporting the functionally adaptive modulation of excitability during hippocampal learning or providing a negative feedback mechanism that would prevent neurons from becoming hyperexcitable and promote network stability.
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a-Calcium/calmodulin-dependent protein kinase II (aCaMKII) is highly abundant in excitatory principal neurons in forebrain structures such as the hippocampus, where it makes up $2% of the total protein and is a major constituent of the postsynaptic density (Kennedy, 2000) . A key feature of aCaMKII is that autophosphorylation occurs at threonine-286 of the aCaMKII protein in response to Ca 2+ influx and switches the kinase into a Ca 2+ /calmodulin-independent or autonomously active state (Hudmon & Schulman, 2002) . The autophosphorylation is a prerequisite event for changes in synaptic strength such as long-term potentiation (LTP), a cellular mechanism for learning and memory, since a targeted point mutation at residue-286 in the mouse aCaMKII gene in which threonine is replaced by alanine (T286A) prevents autophosphorylation at this site, resulting in the block of NMDA receptor-dependent hippocampal LTP and learning failures (Giese, Fedorov, Filipkowski, & Silva, 1998; Irvine, Vernon, & Giese, 2005; Need & Giese, 2003; Ohno, Frankland, & Silva, 2002; Ohno, Sametsky, Silva, & Disterhoft, 2006; Ohno, Tseng, Silva, & Disterhoft, 2005) .
In addition, alteration of intrinsic neuronal excitability occurs in animals that are trained and learn hippocampus-dependent tasks, representing an important cellular correlate of learning (for review, see Disterhoft & Oh, 2006) . For example, we have demonstrated that increases in CA1 pyramidal neuron excitability, as evidenced by a decrease in the post-burst afterhyperpolarization (AHP), are observed during trace eyeblink conditioning and water maze learning across various animal species (Disterhoft, Coulter, & Alkon, 1986; Kuo, Lee, McKay, & Disterhoft, 2008; Moyer, Thompson, & Disterhoft, 1996; Oh, Kuo, Wu, Sametsky, & Disterhoft, 2003; Ohno et al., 2006) . It is reasonable to suppose that the neuronal excitability changes may be closely coordinated with synaptic alterations during hippocampal memory encoding. In contrast to the well documented roles of autophosphorylation of aCaMKII and its subsequent persistent activation in synaptic plasticity (Irvine, von Hertzen, Plattner, & Giese, 2006; Lisman, Schulman, & Cline, 2002) , it remains unclear how this kinase may contribute to the regulation of neuron excitability during synaptic stimulation. To address this question, we analyzed the AHP in hippocampal CA1 neurons following Schaffer collateral afferent stimulation in the autophosphorylation-deficient aCaMKII T286A knock-in mice.
The heterozygous aCaMKII T286A population (Giese et al., 1998) was backcrossed more than 15 generations into the C57BL/6 N background from the original 129/B6 background. Homozygous aCaMKII T286A mutant mice and wild-type control littermates obtained by intercrosses of heterozygotes were used for the experiments. At 3-4 weeks postnatally, the mice were weaned and genotyping was performed by PCR analysis of tail DNA. All experiments were done blind with respect to the genotype of the mice 
